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Abstract 
Portable footbridge provide a solution that will aid a person carrying a load in crossing streams; which is portable, easy to install 
and dismantle. In this paper effort has been made to design and optimize such footbridge. The basic emphasis has been given to 
minimize the total deformation of the structural member by optimizing the cross sections, material properties and weight. The 
structural member consists of a rectangular plate of length 1.5m, 0.5m width and thickness of 3mm fixed on the frame of 
prismatic beams at the periphery and in between. A three dimensional model was developed using SolidWorks. Six different 
cross sections (circular, rectangular and square with solid and hollow sections) of the beam with three different materials 
(Aluminium alloy, Structural steel and Titanium alloy) were analyzed in ANSYS 11.0 with similar loading and support 
conditions. The results obtained, after analysis of different cross sections and with different materials, were compared. 
Rectangular hollow beam of Aluminum alloy with dimension 60mm×40mm×3mm (thickness) was considered for the structural 
member of the portable footbridge after optimization.  
 
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the Organizing Committee of GCMM 2014. 
Keywords: Portable footbridge; Total deformation; SolidWorks; Sections; Aluminum alloy; Structural steel; Titanium alloy; ANSYS 
1. Introduction 
Selecting the appropriate structure is a critical step towards insuring that a crossing is usable, safe and cost 
effective. Building a permanent bridge is complex, costly, time consuming and non environment friendly. It requires 
lot of time, manpower and periodic maintenance. An alternative to the permanent bridge installation is the use of a 
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portable bridge [1]. Portable bridges can be made using a wide array of materials like steel, concrete panels, old 
railroads, pipes etc. However, most common types of portable bridges (ladders) are made from wood. There are a 
number of advantages to using portable bridges. These bridges can be easily removed and transported from site to 
site [2], required no maintenance, flexibility in design, simple in construction [3], low self weight [4], short 
construction time, environment friendly and most important the cost is comparatively very low. Portable bridges are 
generally short span bridges. Short span bridges that have a length between end supports not more than 30 m. 
Portable footbridges [5] can have one or multiple spans. Design criteria [6] are needed specifically for portable 
bridges to insure that they are safe, usable and cost effective. The use of portable footbridges is increasing day by 
day due to its innovative design and inadequate number of bridges. Portable bridges have a wide area of application 
like in rural areas, military purpose [7], disaster management, alternative for damaged bridge, forestry applications  
etc. 
The main objective of the work is to design a module of a portable footbridge via optimization of cross section, 
material properties and weight to have least deformation of module considering a load of 1000 N. 
 
Nomenclature 
W weight of a module of a portable footbridge 
Ap area of plate  
Wp  Weight per unit area of plate 
Lb Length of beam  
Wb  Weight per unit length of beam 
w width of the cross section  
h  height of the cross section  
t thickness of the cross section 
2. Design of Portable Footbridge 
The design process can be described in many ways, but it must contain recognition of the need, an act of creation, 
and a selection of alternatives. Conventionally, the selection of the best possible alternative is the phase of design 
optimization. Optimization techniques play an important role in structural design, the very purpose of which is to 
find the best solutions from which a designer or a decision maker can derive a maximum benefit from the available 
resources. There can be large number of feasible designs but considering the resources the best is chosen. The best 
design could be in terms of minimum cost or minimum weight or maximum performance or a combination of these 
[8]. 
The existence of optimization methods can be traced to the days of Newton, Lagrange, and Cauchy. Optimization 
[9], in its broadest sense, can be applied to solve any engineering problem like design of aircraft and aerospace 
structures for minimum weight, optimum design of linkages, cams, gears, and other mechanical components, 
minimum weight design of structures for earthquake etc. 
Designing and constructing a portable footbridge even for a temporary is a challenging task. The purpose is to 
design a portable footbridge used for temporarily transporting displaced people and delivering necessary supplies, 
carrying a load up to 1000 kg. The portable footbridge of single span having length 1.5m and 0.5m width and 
multiple spans has been considered in this paper (figure 1). The above specified dimension of the module of portable 
footbridge is proposed so that it is convenient to be carried by a person or by a rescue team [10]. Also two web in 
between is provided so that the frame along with the plate can withstand the load properly. It is necessary to find the 
cross sectional dimensions of the beam in order to minimize the total deformation of the portable footbridge by 
optimizing the cross sections, material properties and weight. 
 
 
 
 
1043 Rahul and Kaushik Kumar /  Procedia Engineering  97 ( 2014 )  1041 – 1048 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1. Portable footbridge  multiple module 
The selection of beam cross section is of great importance in the design of the module of portable footbridge. 
Among six different cross section (circular, rectangular and square with solid and hollow sections) of the beam, the 
cross section which deform least on the application of the load are opted for the module of portable footbridge. 
Beams [11] are actually three-dimensional bodies, whose primary function is to support transverse loading. The 
simplest and best known models for straight, prismatic beams are based on the Bernoulli-Euler beam theory (also 
called classical beam theory and engineering beam theory). According to Bernoulli-Euler beam theory [12] if the 
lateral dimensions of the beam are less than one-tenth of its length, then the effects of shear deformation and rotary 
inertia are neglected for the beams vibrating at low frequency. The present investigation is based on the assumptions 
of Euler-Bernoulli beam theory as the beam vibrates at low frequency and the dimensions of test specimens are 
much smaller in the lateral directions compared to length. 
The weight per unit length of six different cross sections of beam of standard dimension and top plate is taken 
from the manual of Parker Steel [13] are shown in table 1 and 2 respectively. 
Table 1 Dimension and Weight per Unit Length for Different Cross Section. 
Cross Section          Structural 
Steel(kg/m) 
Titanium 
alloy(kg/m) 
Aluminium 
alloy(kg/m) 
Dimension(mm)  
Solid Circular 25.108 14.437 8.692 64mm dia.  
Hollow Circular 5.302 3.049 1.835 64mm dia. x 3mm Thickness  
Solid Square 
Hollow Square 
Solid Rectangle 
Hollow Rectangle 
19.624 
4.284 
18.842 
4.230 
11.283 
2.463 
10.834 
2.432 
6.793 
1.483 
6.523 
1.463 
5omm x 50mm 
500mm x 50mm x 3mm Thickness 
60mm x40mm 
60mm x 40mm x 3mm Thickness 
 
Table 2 Weight per Unit Area of Plate for Different Materials. 
Plate               Structural 
Steel(kg/݉ଶ) 
Titanium 
alloy(kg/݉ଶ) 
Aluminium 
alloy(kg/݉ଶ) 
Thickness (mm) 
Floor Plate 23.554 13.543 8.154 3 mm  
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The weight of a module of a portable footbridge with six different beam cross sections was calculated using the 
expression 1 and summarized in table 3. 
 
ܹ ൌ ሺܣ݌ כ ܹ݌ሻ ൅ ሺܮܾ כ ܹܾሻ                                                                                                                         (1) 
Table 3 Weight of a single Module of the foot bridge with Different Material. 
Module Structural Steel 
(kg) 
Titanium alloy  
(kg) 
Aluminium alloy 
(kg) 
Solid Circular Beam with Plate 143.205 82.342 49.577  
Hollow Circular Beam with Plate 44.175 25.400 15.293  
Solid Square Beam with Plate 
Hollow Square Beam with Plate 
Solid Rectangle Beam with Plate 
Hollow Rectangle Beam with Plate 
115.785 
39.085 
111.875 
38.815 
66.576 
22.473 
64.328 
22.318 
40.084 
13.531 
38.731 
13.437 
 
3. Solid Modeling 
In today’s world of engineering, 3-D modelling is vital to the successful design of any product. There are many 
different types of 3-D modelling software available; each having their strengths and weaknesses. Each of the solid 
modelling software achieved the same end result, but the journey to the end is different. In this work the solid 
modeling was done using SolidWorks. SolidWorks [14] is the state of the art in computer-aided design (CAD). 
SolidWorks represents an object in a virtual environment just as it exists in reality, i.e., having volume as well as 
surfaces and edges. This, along with exceptional ease of use, makes SolidWorks a powerful design tool. Complex 
three-dimensional parts with contoured surfaces and detailed features can be modelled quickly and easily with Solid-
Works. Then, many parts can be assembled in a virtual environment to create a computer model of the finished 
product. In addition, traditional engineering drawings can be easily extracted from the solids models of both the parts 
and the final assembly. This approach opens the door to innovative design concepts, speeds product development, 
and minimizes design errors. This makes SolidWorks [15] a very powerful and effective tool for solid modeling. The 
models made were saved in IGES extension for export to ANSYS Workbench for analysis. 
4. Analysis  
ANSYS, used as the analysis tool, is a software designed to be user-friendly and made simple as much as possible 
with lots of interface options to keep the user as much as possible from the hectic side of programming and 
debugging process. ANSYS originally a finite element analysis (FEA) [16] code for structural mechanics. ANSYS is 
a very powerful and impressive engineering tool that may be used to solve variety of engineering problem. The basic 
steps involved in any FEA consist of the following.  
x Preprocessing Phase: Create and discrete solution domain into finite elements i.e. subdivides the 
problem into nodes and elements then develop equation for an element and finally apply boundary 
condition, initial condition and loading. 
x Solution Phase: Solve a set of linear or non-linear algebraic equation simultaneously to obtain nodal 
results. 
x Post processing Phase: Obtain other important information like principal stress, heat flux etc. 
The analysis procedure in ANSYS [17], on workbench platform, is a step by step process. Workbench is a 
platform for integration of ANSYS analysis tools (Solid mechanics, fluid dynamics, EM, optimization, etc.) with 
modeling. The Graphic User Interface (GUI) is very good and more realistic. The entire project contained in 
common platform (geometry creation, meshing, analysis, and post-processing). A three dimensional model 
developed in SolidWorks was imported to ANSYS and then mess generation was performed dividing the entire 
object in finite element. The deployed module was assumed to be simply supported, with one end fixed and other 
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end having frictionless support. For static analysis, a concentrated load of 1000 N was applied at the middle point of 
span.  
5. Results and Discussions 
The maximum deflections developed in portable footbridge module with six different cross sections of beam for 
each material was compared and summarized in Table 4. The beam cross section which causes the least maximum 
deflection in the portable footbridge module should be opted for the construction of the product. All the deflection 
results were obtained by considering the module as simply supported and applying a load of 1000N on mid span of 
module. Among the six different cross sections it was observed that the rectangular hollow was the best. Hence the 
same was considered and various materials were used to find the maximum deflection. Among the three materials, 
the beam cross section which has minimum deflection and least weight was selected for the portable footbridge 
module. 
The maximum deflection of portable footbridge module having hollow rectangular beam for structural steel, 
titanium alloy and aluminium alloy are shown in figure 2 (a), (b) and (c) respectively.  
 
For structural steel, a module of portable footbridge with solid square beam has the minimum deflection followed 
by hollow rectangular beam module. Although module with hollow rectangular beam has 94.598% more deflection 
than module with solid square beam but still it is preferred because it has 198.299% less weight than solid square 
beam constituting module. For Titanium alloy material, again a module of solid square beam has least deflection 
followed by hollow rectangular beam   module. The portable footbridge module with hollow rectangular beam is 
preferred as it has 198.306% less weight then module with solid square beam in spite of the fact that it has 94.064% 
more deflection. At last for aluminum alloy, a module with solid rectangular beam has least deflection followed by 
the module with hollow rectangular beam. Although module with hollow rectangular beam has 40.463% more 
deflection than module with solid rectangular beam but still it is preferred because it has 189.679% less weight than 
solid rectangular beam constituting module. Now hollow rectangular beam module of portable footbridge with 
titanium alloy has 45.062% less deflection as compared to its counterpart with aluminium alloy material but at the 
same time module with hollow rectangular beam of aluminium alloy has 66.093% less weight then module with 
hollow rectangular beam of titanium alloy. 
 
Table 4. Maximum deformation for different module of portable footbridge. 
Module Structural Steel 
(m) 
Titanium Alloy 
(m) 
Aluminium Alloy 
(m) 
Solid Circular Beam with Plate 1.982×ͳͲି଺ 4.108×ͳͲି଺ 5.772×ͳͲି଺ 
Hollow Circular Beam with Plate 6.965×ͳͲି଻ 6.292×ͳͲିହ 8.685×ͳͲିହ 
Solid Square Beam with Plate 
Hollow Square Beam with Plate 
Solid Rectangle Beam with Plate 
Hollow Rectangle Beam with Plate 
2.912×ͳͲିଽ 
8.232×ͳͲି଺ 
1.122×ͳͲି଼ 
5.391×ͳͲି଼ 
2.242×ͳͲିଽ 
6.708×ͳͲିଽ 
1.371×ͳͲି଻ 
3.777×ͳͲି଼ 
2.382×ͳͲିହ 
4.298×ͳͲି଺ 
3.262×ͳͲି଼ 
5.479×ͳͲି଼ 
 
Thus portable footbridge module with hollow rectangular beam of aluminium alloy was the optimal solution for 
the portable footbridge. 
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(c) 
(a) Hollow Rectangular Cross Section (Structural Steel)        (b) Hollow Rectangular Cross Section (Titanium Alloy) 
(c) Hollow Rectangular Cross Section (Aluminum Alloy) 
Fig.2. Total Deformation 
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6. Conclusion 
The structural member (or module of a portable footbridge) consists of a rectangular plate of length 1.5m, 0.5m 
width and thickness of 3mm fixed on the frame of prismatic beams at the periphery and in between. The goal was to 
optimize the cross section, material and weight to have minimum deformation of the module of the portable 
footbridge. The results obtained, after analysis in ANSYS of six different cross sections (circular, rectangular and 
square with solid and hollow sections) of beam and with three different materials(Structural steel, Titanium alloy and 
Aluminum alloy), were compared. Rectangular hollow beam of Aluminum alloy (Fig 3) with cross section 60mm X 
40mm X 3mm wall thickness was considered for the structural member of the portable footbridge after optimization. 
Although rectangular hollow beam of Aluminum alloy has 31.064% more deformation but at the same time 66.093% 
lighter and also cheaper than Titanium alloy and Stainless Steel. 
 
 
 
 
 
 
 
 
 
W = 60mm; H = 40mm; and T = 3mm 
Fig.3. Hollow Rectangular Beam Cross Section of Aluminium Alloy 
All specified design criteria like portable footbridge must be safe to use and remain solid and robust and no 
collapse or partial collapse should happen during the whole lifespan, all the imposed loads and other actions must be 
resisted in a controlled way, i.e. without excessive deflections, vibrations etc are satisfied by the designed portable 
footbridge. Regarding portability, the weight and length of the module are 13.437 kg and 1.5m respectively. 
Therefore, it is convenient to carry by a person (when single span) or by a rescue team (when multiple span). The 
cost and load bearing capacity of a portable footbridge are probably the most deciding factors when choosing among 
alternative solutions. 
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